Purpose Extranodal extension (ENE) is closely associated with the aggressiveness of both colon and rectal cancer. This study evaluated the clinicopathologic significance and prognostic impact of ENE in separate populations of patients with colon and rectal cancers.
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Introduction
Extranodal extension (ENE) of metastatic lymph nodes (LNs), which is indicated the extension of tumor cells beyond the nodal capsule into the perinodal adpose tissue, is an important prognostic factor in patients with several types of malignancies, including stomach, thyroid, bladder, and breast cancer [1] [2] [3] [4] [5] [6] [7] [8] . ENE is also included in the American Joint Committee on Cancer (AJCC) eighth staging system for patients with penile cancer, vulvar cancer, and head and neck squamous cell carcinoma [9] .
In contrast, ENE in patients with colorectal cancer (CRC) is not yet considered as TNM staging system. Nevertheless, a recent meta-analysis reported that the presence of ENE was an important prognostic factor in patients with node-positive CRC. However, this study, analyzed the prognostic effect of ENE in patients with CRC when considering colon and rectal cancers as only one entity.
It is unclear whether colon cancer and rectal cancer are biologically different malignancies or are the same malignancy at different locations. Accumulating evidence provide that colon and rectal cancer differed not only in etiologies, risk factors, anatomic site but in embryological origin, function, and metastatic patterns [10] [11] [12] , suggesting that the prognostic implications of ENE should be investigated separately in patients with colon and rectal cancer [13] . Furthermore, right-and left-sided colon cancers may represent distinctive and different disease entities (two colon concept) [10, 14] . Unfortunately, despite the difference according to location of CRC, little attention has been paid to the histologic feature of ENE. This study therefore assessed the clinicopathologic significance and prognostic impact of ENE in large, separate populations of patients with colon and rectal cancer.
Materials and Methods

Patients
The medical records of 2,346 patients with CRC having metastatic LNs who underwent surgery at Asan Medical Center (Seoul, Korea) between January 2003 and December 2011 were retrieved from the center's database, and their clinical and histological characteristics were reviewed. All patients with node-positive CRC who had histologically proven adenocarcinoma and underwent curative resection (R0) were included. Patients with hereditary CRC (familial adenomatous polyposis and hereditary nonpolyposis CRC), multiple CRCs, and stage IV CRC were excluded. Also, we excluded were patients who received preoperative chemoradiotherapy or chmotherapy because tumor pathology may have been affected by preoperative treatment.
Evaluation
Before surgery, all patients underwent a staging workup, including colonoscopy, chest radiography, computed tomography (CT) of the abdomen and pelvis, and measurement of serum carcinoembryonic antigen (s-CEA) concentrations. Some patients also underwent positron emission tomography (PET) scanning and single contrast-enhanced magnetic resonance imaging (MRI) of the rectum and liver. s-CEA was measured by enzyme immunoassay (ELISA-2-CEA kit, CIS Bio International, Marcoule, France), with the normal concentration defined as ! 6 ng/mL. Tumors were pathologically staged in accordance with the AJCC cancer staging Cancer Res Treat. 2019;51(3):1135-1143 
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manual, eighth edition [9] .
Histologic evaluation
The ENE status of all specimens was examined by two pathologists (J. Kim and Y. Park) and the final diagnosis was based on intradepartmental consultations with staff specialized in CRC. ENE was defined as cancer cells infiltrating the extranodal adipose tissue beyond the capsule of the LN (Fig. 1A) . Tumor deposits (Fig. 1B) and tumor cells outside the LNs, continuous with the primary tumor (Fig. 1C) , or confined to endolymphatic spaces (Fig. 1D) were not considered ENE. A tumor was considered ENE-positive when one or more of the metastatic LNs showed ENE, as described [15] .
The distance between the tumor and the circumferential resection margin (CRM) was measured in millimeters. If CRM was found within 1mm of the tumor, we defined the positive CRM.
Adjuvant chemotherapy
Of the 2,346 patients in the study cohort, 2,151 (91.7%) received postoperative chemotherapy. Separate assessment of the 1,363 colon cancer patients showed that 1,273 (93.4%) received postoperative chemotherapy, including 105 (7.7%) who received 5-fluorouracil, 530 (38.9%) who received capecitabine, 517 (37.9%) who received oxaliplatin, 53 (3.9%) who received an oral pyrimidine analogue or oral 5-fluorouracil, and 68 (5.0%) who received chemotherapy at another hospital. The remaining 90 patients (6.6%) did not receive adjuvant chemotherapy.
Of the 983 rectal cancer patients, 878 (89.3%) received postoperative chemotherapy, including 303 (30.8%) who received 5-fluorouracil, 331 (33.7%) who received capecitabine, 108 (11.0%) who received oxaliplatin, 44 (4.5%) who received an oral pyrimidine analogue or oral 5-fluorouracil, and 92 (9.4%) who received chemotherapy at another hospital. The remaining 105 patients (10.7%) did not receive adjuvant chemotherapy. In addition, 382 (38.9%) rectal cancer patients received postoperative radiotherapy. Usually, our center recommended the postoperative radiotherapy for stage II or stage III mid to lower rectal cancer patients. For data analysis, patients who received intravenous 5-fluorouracil-based or capecitabine-/oxaliplatin-based chemotherapy were regarded as receiving complete adjuvant chemotherapy.
Follow-up
Standardized postoperative follow-up included clinical examinations, complete blood counts, blood chemistry tests, measurements of s-CEA levels, and chest radiography. Patients were followed up every 3 months for the first 2 postoperative years and every 6 months thereafter. Patients also underwent abdominal and pelvic CT scans every 6 months. Colonoscopy was performed within 1 year of surgery and then once every 2-3 years. If recurrence was suspected, patients were evaluated by CT, MRI, and/or PET scanning. Recurrence was diagnosed pathologically (by surgical resection or biopsy) and/or radiologically.
Statistical analysis
Categorical variables were compared using chi-square tests, and continuous variables were compared using independent sample t tests. The Kaplan-Meier method was used to compare disease-free survival (DFS). DFS was defined as the time from the date of the primary tumor surgical resection to the time of disease recurrence which was diagnosed pathologically or radiologically or death. Univariate and multivariate analyses of factors associated with DFS rates were performed using Cox proportional hazard regression models to estimate hazard ratios and 95% confidence intervals. All statistical tests were two-sided, and p < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS ver. 21.0 for Windows (IBM Corp., Armonk, NY).
Ethical statement
This study protocol was approved by the institutional review board of Asan Medical Center (IRB No. 2018-1235). As this study was a retrospective analysis of routine clinical data, participants' informed consent was waived by the institutional review board. .009). The mean follow-up interval was 60±32 months. The 5-year DFS rate in patients with right and left colon cancer differed significantly by ENE status, being highest in patients with ENE-negative left colon cancer (80.8%), followed by patients with ENE-negative right colon cancer (80.0%), ENE-positive left colon cancer (70.1%), and ENE-positive right colon cancer (65.6%) (p < 0.001) ( Fig. 2A) . However, the 5-year DFS rate in patients with colon and rectal cancer differed significantly by tumor site and ENE status, being 80.5%, 77.4%, 68.6%, and 64.2% in patients with ENE-negative colon cancer, ENE-negative rectal cancer, ENE-positive colon cancer, and ENE-positive rectal cancer, respectively (p < 0.001) (Fig. 2B ).
Results
Patient characteristics
Clinicopathologic characteristics according to ENE status in colon and rectal cancer patients
There were no significant differences in sex, s-CEA level, and histologic type between ENE-positive and ENE-negative colon and rectal cancer patients. However, ENE was more frequent in younger patients and those with higher T category, higher N category, lymphovascular invasion (LVI), and perineural invasion (PNI). ENE was more frequent in patients with left than right colon cancer (Table 1) .
Prognostic factors of DFS in colon cancer patients
The 5-year DFS rate was significantly lower in ENE-positive than ENE-negative colon cancer (68.6% vs. 80.5%, p < 0.001). Univariate analysis showed that elevated s-CEA, pathologic stage, presence of ENE, presence of LVI, presence of PNI, and lack of adjuvant chemotherapy were associated with poorer DFS. Multivariate analysis showed that pathologic stage, presence of ENE, presence of LVI, presence of PNI, and lack of adjuvant chemotherapy were significant independent predictors of DFS (Table 2 ).
Prognostic factors of DFS in rectal cancer patients
The 5-year DFS rate was also significantly lower in ENEpositive than ENE-negative rectal cancer patients (64.1% vs. 77.4%, p < 0.001). Univariate analysis showed that elevated s-CEA, pathologic stage, presence of ENE, presence of LVI, and presence of PNI, positive of CRM and lack of adjuvant were associated with poorer DFS. Multivariate analysis showed that pathologic stage, presence of ENE, presence of LVI, presence of PNI, and lack of adjuvant chemotherapy were significant independent predictors of DFS (Table 2 ).
Recurrence patterns according to tumor location and ENE status
Recurrence patterns in colon cancer patients were unrelated to ENE status. LN recurrence was slightly higher in ENE-positive than in ENE-negative patients, but the difference was not statistically significant. In rectal cancer patients, however, LN and multiple route recurrences (e.g., hematogenous and LN, or hematogenous and peritoneal seeding) were significantly more frequent in ENE-positive than in ENEnegative patients (Table 3) .
Discussion
This study investigated the clinical implications of ENE separately in patients with colon and rectal cancer who were Cancer Res Treat. 2019;51(3):1135-1143 treated at a single center during a 9 year period. We show that ENE is significantly associated with worse DFS in large cohort of patients with colon and rectal cancer, respectively, independent of the standard prognostic and predictive factors: pathologic stage, LVI, and PNI. Furthermore, ENE in both colon and rectal cancer significantly correlated with younger age, higher T category, higher N category, and occurrences of LVI and PNI. In general, patients with rectal cancer have a poorer prognosis than those with colon cancer [16] . However, we also found that 5-year DFS rates were poorer in ENE-positive colon cancer than in ENE-negative rectal cancer patients, being 77.4% in patients with ENE-positive colon cancer and 68.6% in patients with ENE-negative rectal cancer (p < 0.001). Taken together, these findings suggest that ENE is one of important indicators of prognosis and ENE can be considered a hallmark of tumor aggressiveness. In general, patients with left-sided CRC are younger than those with right-sided CRC [14] . As ENE is more frequent in the left-sided than the right-sided CRC, ENE may be associated with younger age. ENE in metastatic LNs was found to be a well-known negative prognostic factor in patients with many other tumor types. Recently, ENE was reported to be a poor prognostic factor in patients with gastrointestinal tract cancers including esophageal [17] , stomach [1] , and colorectal [15, 18] colon, distal colon, and rectum [10, 14] . These sites differ in embryological origin, morphology, and physiology [11, 14, 19] , and histological differences have been observed in proximal and distal CRC [20] . Epidemiologically, site-specific CRCs differ according to sex and age [21] . Consequently, primary rectal and colon cancers present with different recurrence patterns and prognosis, and may require different treatment modalities. Genomic determinants are important predictors of tumor development and progression [22] , and differ by tumor location. Two main syndromes resulting from germline mutations play a role in the occurrence of CRCs. In patients with familial adenomatous polyposis, tumors occur predominantly in the distal colon (~60%) and rectum (~25%) [23] . In patients with hereditary nonpolyposis colorectal cancer, however, tumors develop predominantly in the proximal colon (~55%) and rectum (~15%). Chromosomal instability has been associated with 60%-70% of CRCs, more frequently in the distal than in the proximal colon [24] . By contrast, the frequencies of CpG island methylator phenotype-high, high frequency of microsatellite instability, and BRAF mutations have been reported to increase in a retrograde manner from the rectum to the ascending colon [10] . Therefore, Yamauchi et al. [10] insisted that the frequencies of molecular pathologic changes in CRC evolve gradually through bowel location, rather than after abruptly at the splenic flexure and rectosigmoid junction (continuum hypothesis). These findings suggested a close association between molecular subtype and site-specificity. Interestingly, this study showed that ENE rates increased significantly from patients with right colon cancer (36.9%) to left colon cancer (42.6%) to rectal cancer (48.7%) (right vs. left, p=0.037; left vs. rectum, p=0.009). These facts were that ENE was a common aggressive feature of CRC; however, it might be more related with distal part CRC. Considering continuum hypothesis, frequency of ENE increases from the right colon to the left colon to the rectum. However, genomic and molecular level investigation is required to verify our assertions.
Multivariate analyses showed that advanced tumor stage, ENE, LVI, PNI, and lack of adjuvant chemotherapy were independent poor prognostic factors for DFS in patients with colon cancer and rectal cancer. Pathologic tumor stage is a universally powerful prognostic factor [9] , along with LVI or PNI [25, 26] . Adjuvant chemotherapy significantly improves DFS and overall survival of patients with stage III CRC [27] . Our results showed that the prognostic impact of ENE in patients with colon and rectal cancer was same. However, we found that patients with ENE-negative rectal cancer had a better prognosis than those with ENE-positive colon cancer. In general, colon cancer is known to have a better survival rate than rectal cancer, but the survival rate of colon and rectal cancer can be reversed according to ENE status. Therefore, ENE status as well as tumor location may be an important prognostic indicator.
The limitations of this study include its retrospective design and its inclusion of patients who were treated at a single center, restricting the ability to generalize from study results. To our knowledge, however, this study is the first to report the prognostic effect of ENE separately in patients with colon cancer and rectal cancer by analyzing a relatively large patient cohort.
In conclusion, the occurrence of ENE is closely related to the aggressiveness of both colon and rectal tumors. ENE status is a significant independent prognostic factor regardless of tumor location. However, ENE might be more related with distally located CRC.
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